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ACCELERATTION, STRESS, AND DEFLECTION MEASUREMENTS ON THE
XB-15 BOMBER IN GUSIY AIR

By H, A, Pearson

Accelsration measurements in gusty air have been accumulated
over a periocd of years in order to determine the loads to which
airplancs may be subJocted. Most of these date have been obtalned
with the V-G recorders that have been instelled in Army, Navy,
and eommercial alrplanes, Theoretical studies of the load var:la.—
tion while fiying through verious types of gusts have indicated
that the "effective” gust veélocities, as obtained from the V-G
records, must be supplemented by date on the -gust gra.die'nts.
Consequently, some tests have been mads on two-mifplanes, the .
Martin XBM-1 and the Aeronca C-2N, in -gusty air to gain some .,
informetion of the gradientes to be expected. Although the ntmber
of flying hours in these tests is small as compered with the
V-G total, they were sufficient to lndicate that the. critical
gust gradient depended upon airplsne aize, a factor which had
been glven no particular consideration at that time.

Theoretical .studiss had also :I.nﬂ.icated that an edditional
factor called "dyndamic overstress" might be of importance in the
design of large projected alirplanses. For these a.:lrpla.nes it
appeared: that the reletionship betwsen wing period, lag in 1ift,
and gust gradient might be such that the wings in gusts would
deflect considerably more than for the case of a static load of
the seme megnitude. The higher deflections -would naturally be

accompanied by h:lgher stressés in some of .- the members of the
structure. ;

..It thus. appeared dosira‘ble to conduct experiments on larger
airplenes both for:the mirpose of determining gust gradient dis—
tances and for determining the existence-of the: dynamic over—
stress which the!thsory: m&ica.tes. The Army:Air.Corps agreed
to cooperate: in-this- project: 'bY allcwing auita.ble equ:lpmant to
be :l.natalled. :m their 1a.'i~ga 1’3—15 bomber. : .
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This report presents the resulis::of‘these tests which
cover e total of about 70 flying hours on this airplane. These
meaguréments were made under _authority granted by the Air Corps
in October 1938.

Aolmowlod.gemnbs are due to m_em'bera of the Air Corpe who
made these tests poseible end in particular to Major C. V., Haynes
and Sgt. A. Cattarius for their coopération.

ATRPIANE AND INSTRUMENTS
TonRia

* ' Alrplane.— The XB-l5 bomber (fig. l) is mtal-#cov‘ered ‘'except
for the fabric~covered portion of the wing aft of ths tear epar.:
‘The wing is of two-—sper construction, the rear spar being straicht
and the fromt spar swept back. All gas and oil is carriéd ‘withIw
the wings, .the gas tanks being located as shown in figure 2. " "%~
Figure 2 also shows the estimated dead-welght distribution (tenkd
full) including both the distributed as well as the’ conoenbrated—
weight items. The wing structural dead-weight distribution kas’
been adjusted ‘so that the total integrated weight 1is equal t6 .
8,000 pounds. Other portinent dimensions of the airplaﬁe are ' -~
l‘.lﬂted. in table I. . 3

Difum _instruments.— The following etandard N. A. C. A,
photographically recording mstruments were used 1n these tests: -

(1) Air-speed recorder 1oca.ted. in the nose of the
" alrplane and connected to a swiveling pitot
head 12 feet forward of the nese, (See fig. 1.)

(2) Accelerometer mounted on the catwalk in the
bomd bay near the center of gravity.

(3) Accelercmeter mounted in the wing 29 feet'l inch
: out "from the eirplene center line. - °

(4) Comtrol position recorders on the aileron and
‘elovator. ' These inftruments were used mainly
to guard against confusion of gust accelerations

- and accelerations that might be due to control -
ma.nipulation ’

In addition to the ebove, = D. V. L. optograph mountod rigidly in
the top gun turret was used. This instrument was equipped with
two telephoto lenses which recorded photographically the deflection
of three 50-candlepower lights mounted along the rear spar. The
installation 1s shown diagrammaetically in figure 3.
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- .Stra 8.~ Four N.'A. C. A. and four D. V. L, ‘soratch
T80 gages were ussd. The N. A. C. A. gages were
oftha:lntemittoubdﬂvotmandhadagaplengbhotIOcn.-
vhilethaD.V.I. ‘@a@di Yad a continuous-drive and.-a ghge... .
length of 20 cm. ‘The N. A. C, A.gaseswrolocatoﬂcnthetcp
chord member of the front spar at etations 5 feet
39feet91nchesoutfmthooentorlimofthe
stations were approximately at the wing root and at the end
the outer gas tank, The D, V. L. gages were 1
diagonal members below the N. A. C. A. gages and all gages were
positioned 80 as t6 bo in the middle of their respective bays.
The gages were mounted in pairs at eaoch station and all ¢
the gages, with the exception of the two on the chord
member, wore mounted on duralumin. The strain-gage locations
mahouninﬂgnn'os3and.h .
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All instruments were aynchron:lmd. by a timesr conmected into
the circuilt. The timing intérval was 2.28 seconds for all the
inatruments except the N. A. c A. gages vhich were operated
onoco.every 6.8l seconds.

FLIGHTS

The following flights were made with H. A, C. A. equipment
on board.,

time, time. min.
brs,
11 . 8-09-38l. ‘Iangley, Selfridgs, Mitchell, 8-l/2 - 28
3-3_1—38' Langley
2 1175738 Iengley, Bolling, Chanute, 10-1/h 22
. Wright . .
3 12-6-38 . langley, Maxwell, Langley T o
h 12-12-38 lLangley, Kittyhawk, Langley 2 0
5 12-15-38 langley, Amerillo, Tex. 10-3/k 0
6 12-16-38 Amarillo, March Field, Cal. 7-1/% 2y
7T  12-21~38 March, Hamilton 3-1/h 0

i1No strain gages installed on this flight,




8 12-00-38 Ham!lton,ut Shesta, March S-1/2  20.
9 1272338 March, OKla. City, Lenaley 131/ - 52
' - 67-3/k 126

Although the total mmber of flying hours is smell compered to

the total flown, it includes & stretch of the roughest flying
that this particular airplane had encountered to date. Thia
stretch of rough eir occurred during flight No. 8 while proceeding
in a southerly directiom at about 8,500 feet between Pasadens
and Mt, Wilson; Cal. The gustiness was apparently due to .
mechanical atmospheric turbulence caused by winds blowing across
the mowntain tope. An examinstion of the flight notes for all -
the flights meds (except for soms of the accelerations measured
in flight 1 whore the airplane was flown through the edge of a
number of cumilus clouds) reveals thet the recorded accelerations
were due to mechanical turbulence encountered while flying through
pesses in the Rocky Mountains or while flying over mountainous
omno e

If during a particular flight it appeared likesly that
acceleration increments of over +1/Ug would be encountered, the
ingtruments were turmed on wmtil the roughness died down. Thus,
duwring eny one flight a number of runs at different airplane .
woights and altlitudes wore cbtained some of which did not yleld
particularly large accelerations. Theose runs were nevertheless
eveluated; however, for this memorandum it 1s only necessary to
refor particularly to the results obtained in the flights glven
in the table below., The others are omitted mainly because the
combination of airplene weight end the small accelerations -
encountered were amply covered by those thet were included.
Thelr omission changes none of the conolusions and their
inclusion would only result in a mass of undistinguiasheble
points clustered around the origin.

Flight No. Bun No. Estimated Remarks
a:l?la.ne
welght
2 6 50,000 Falrly severe accelerations
6 1l 60,000
8 . k 52,000 Most severe accelerations
9 1

65,000 Greatest weight
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Although the accelerations encountored in flights 6 and 9 are
modorate with respect to 2 and 8, they are included mainly
becauss the weights at. the tims of the run were conaiderably . .
different from the usual 50,000 to 45,000 pounds. Tn the - ----
only flight (No. 5) mvhiohtherullgrosam:lmormr
69,000 pounds wes oqualod., air was perfectly smooth and
no records were taken, :

METHOD ARD RESULTS

In evaluating the records to obtain gust velocities and
gust gradients, the following method was used: For each
center—of-gravity accelerometer record (roughly 20 feet of
f£1lm) ell peaks, indicating accelerations of approximately
0.2g or over, were reed. These velues of acceleration were
then converted to effective gust velocatiles, Ug, from the

equation
2 An !
Uy = = (1)

vhere /n is acceleration increment from 1 g.
W, egtimated woight at time of run.
8, wving area, square 1_’eet.
p, mass density of air at altitude.
m,.slope of 1ift curve, tsken as 4.76.
¥V, true air speed, feet per second.

The evaluation of the records in this manner ylelded 560
effective gust velocities renging from 1.7 to 17.5 feet per
gsecand, Those gusts and the number in the various ranges
are gumarized in table II,

Of the above gusts, only 111, however, were usable for
determining the gust gradient distance and the trus gust
veloclties. The coriterion used in selecting the gusts to

"be evaluated for gradiont distance was (1) that the ,
acoeleration be 0.15g or over and (2) that the acceleration
peak be immediately preceded by 2 reasonably steady flight
vortion (1. o., 1 g reading) of at least 2 seconds duration
which, at the espeeds that the XB-15 usually flies, corresponis
to 25-30 chord longthas. Some such procedure is required
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the true air speed as obtained
Theoretical studies (references 1 and 2) indicate that such

i 1ittlo if any lag between the point of maximum accelerw- :
ation and that of maximm gust volooity

The true gust velocities that are associated vith these
accelerations were obtained by dividing the. effective gust
velocities of oquat:lon 1l by tha 'allamting" ractor

T, '-E whose value ig given by

weg@)s @
where u-%+{-

A end B, theoretical factors given in reference 2.

8, distance from edgy of gust to point at which
acceleration 1is oanputed. ohord lengths

s gradient d:l.stme, foet.

b, wing span, feot.
Ant,true acceloration.

in,, the acceleration computed from the usual sharp—
efge gust assumption for a gust velocity equal to
thomﬂmmofthemtforvhioh Ant :l-
dstormined.

The factor U, maomotsforthapmpcrtimotthegut
velocity that 15 acquired by the airplane in traversing the
gredient distence H, The true gust velocitiles, ovaluated

mthismm'hr, a.renhuminﬂamﬁplottedagunsttha e

(L
- &
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gust gradient distance H. Tablomgiveathemrotmsbs
ocourring within a given gmdie_nt d:lstama ' ,

ThepeakvalwsmeaohorthsD. Y.I. atra.:lngagesa.nd
on the optograph were, with few exceptiona, reed only at the
times which obviocusly correspondsd to similar peaks on the
contor~of-gravity acocolercmeter record at vhich effective gust
velocities were obtalned. The .variation of the stress and wing-
defleotion measurements with acceleratioh are.shown-in. figures 6
to 17. Figuro 6 shows the meegured deflection of.the tip light
with acceleration at the airplane center for two different air-
plane welghte while figures T and 8 show the same for the middle
end inner lights. In these figures, as well as in those which
follow, 1t 18 necessery to use 1 g as a datum since it wes not
poasible to obtain a trus gzero stresa or zero deflection reading.
This was due to the fact that the wing must support ite own
weight which, as may be seen from figure 2, is comsiderably
difforent from the air load acting over it. Figures 9 to 11
show the stress variation as recorded by the D, V. L. gages
that were mounted on the outor diagonal while figure 12 shows
the stress variatlion in the upper chord member. These results
are all taken from flight 8 run k. Figures 13 to 15 chow
|5:|.!|:|:L‘.I.a.r6 measuroments taken at the ou:ber sta.tion for flight 2
run

I!'i.gures 16 .and 17 give the stress variation measured at
the front and rear of the top chord member near the root on
these seme flights. No reliable stress measuremsnts were
obtained on ths dlagonsl momber at the root because of a
camplete fallure of one of the gages and a partial faillure
of the other on both of the flights where the most severe
accelerations were encountered, Thus, it was possible to
obtain only the stresses at the absolute meximmm and minimm
eccelerations that were encountered. The rate of change of
stress as determinsd in this menner was only 850 pounds per
square inch per lced factor. The strain-gage records for
this station on other flights on vhich the gage operated
properly indicated such extremely low stresses in this
member that no better value than that given sabove could be
obtained because the scattering of points waas of the same
order of megnitude as the measured stresees. This unanti-
clpated low stress veriation may be due either to an oversize
member st this station or to a fallure of all of the expected
load to pass through the member., Values of X equal to
10,300,000 and 30,000,000 pounds per square inch were used.
with durelumin and steel, respectively, in the enluation
of the strain-gage mcord.s . :
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The following are estimates of the
verious quantities mey be relied upon:

Acceleration (0. &) « . . .
** Acoceleration (ving) . . ...

'A:lrspeed......,.:.

Atrplene welght . .. . . . .

Deflection (outer 1ight) . .

Deflection (mlddle light) ..

Defloction (immer light). .
Stress (aJ.l D, V. L, gages).

¢

Stress (N.A.C.A. gages on dural)

acourecy to which the

. 30.05¢

. 0.1g

. Xl m, p. h.

. 32 percent

. ¥1/2 1n,

. 2L/ 4n,

. 21/8 1, -

. ¥200 1v./eq.1n.
. k00 1b./sq.:|:n.

Stress (N.A.C.A. gages on steel) . . . . 2800 1b./eq.in.

The above limits for wing deflection and stresses apply when all
records are read at peak values or at the synchronlzation marks
wvhere the correspondence among the various records is obvious,
It may be seen from figure 18, however, that the synchromization
betwoen timer marks (every 2. 28 seconds) for the D. V, L. gages -
and for the optograph recorde mey be off as much as 10.15 sscond
indicating that larger errors. than those listed above would

exist in the time histories. In the case of the D. V., L. strain
geges, the poor synchronization was due principelly to the

uneven ruming of the motors which.drove the targets through

extension shafts and universal joints,

JFor the optogreph the

slight fore and aft motlon of the wing with changes in the

chordwipe forces waes knovn to ceuse & lack of synchronization
in the records., However, singe most of the results given in
this. report are obtained by reading the various gquantities at
peaks vhich ¢briously porrespond, the lack of synchronlzation
between timsr marks ia. of small importance .
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Although these tests :l.noluﬂed.a.stretohafthemn@eut

air that the XB-l5 had encountered, the maximm effective gust
velocity measured was only 17.5 feet por second. This value is
only one-half of that whioh has been msasured on -overland trans-—
¥m'ts and about two-thirds of that measured on the Olipper ships.

See reference 1l.) It is necessary, however, to point out that
the values given in reference 1 have in all cases been consorva-
tivelyccmpubed.usingths gross weight of tho airplans., Such a
procedure in the presemt case would give a maximum effective

gust velocity pearly equal to the maximum msasured on the Clipper
ships. An interesting observation in comneotion with the
maxrimm measured gust velocitiee obtained to date ie that they
appear to decrease with an increase in airplane epan. This
variation mey be a true trend or it may be due to the fact that
the number of flying hours for which records are avoilable varies
mvareely with elrplene size.

T

rigure 5 in conjunction with table III indiocates that tho
largest mumber of gusts evaluated for gradient distance as well
as the maximm true gust velocity cocur within a distancé of
150 to 200 feet, a distance elightly more than the wing spean.
Previous tests on the XBM-l and the Asronta C-2N alrplanes
appear to indicate that the meximun true gust velocitles are
associated with gradient distances slightly larger than the
respective wing spans. Such a result is partly in keseping with
the hypothesis advanced in reference 1 which gives the result

.that the maximum'gust velocity vaerles as the cube root of the

gradient distance, the lateral extenmt being approximately the -
geme as the gredient distance, H., In order to produce a fairly
large normal acceleraticn, the gust should at least envelop the
whole wing vhich would call for'a gradient distance equal to
or greater than the wing span, )

An envelope of the points of figure 5 would give approxi-
mately the variation predicted in yeference 1 up to a gradient
distance alightly greater than the wing spen, but beyond that
point the true velocities appear to decreesse. This variation
mey be due to the fact that fewer gusts were avallable for
evaluation with large gredient distances, but it is felt that
the neglected pitching motion of the alrplans is mainly
regponsible. It 18 apparent that if an airplane is at all
stable it will tend.to pitch into the gust and relieve its
effeot, the amount of pitch, of course, depending both upon
the gradient distence and the amount of stabllity.




Wiog | «= Madian lines through the points of
figures indicate that in the renge of acceleratioms
covered the wing defleotion at each of the mesasured points
is proportiocnal to the acoceleration at the aiiplane center,
8ince there is no gm:mbythat the angle-of-attack change

" across the spen stays the semp for a given acceleratiom,
the scattering of pointes 1s greater than that indicated in
the discussion of Precision. The mean line, howsver, .
shovld, according to probability, represent the caso for

" symmetricael loading.

. Frmthaae figureg the rates of change ofv!.nsdefleot:lon
with 1oed factor, i. e. 38/dn, are as follows:

" Velght 52,000 65,000
Tip 11ght - ° 8.5 1n. 8.0
Madle 1ight 3.0 in. 2.5
Toner 1ight 1.0 1n. 1.0

The values for weight 52,000 are the more reliable because
of the greater rangs of load factors that was covered.

Apparently for the weight conditions of the flights, large
chanaes in weight have mll effect on the wing deflection.

Static tests mede by Boeing of the outerﬂngpaneland.
of the center section.in which rear sper deflection was
meeswred were pleced together and thé following valuss of
o/n were obteined.

Tip light ' 13.6 in.
Middle light b.7 1n:
| Tmmer light - - 1.5 in.

These” apply for a weight of approximately 67,000 pounds but
the dead~weight loed distribution conditiom is nmot known.

LN
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The-above dsflections per load factor are considerebly more than
thoss obtained in flight and would certainly indicate that no -

' dynemic overstress was obtained 4n the flight tests. Assuming

that the statio~test results applied to the case.with .all the
useful load housed in the fuselage (1. e., no gas or.oil) so
that there would be some justification for reducing the above
values of 38/dn° in the ratio 52,000/67,000, the reduced valuss
would etill remain above the ligted flight values. It is
edmitted that the plecing together of the static deflecticn
curves is liable to error; howsver, in the preeenl: cage, two
persons using different methods arrived at very nearly the same
values of 36/dn at each of the lights. After considering

the above possibilities, it can be saild that the wing deflection
in flight 18 no more than end is probably less than the defleo—
tion for a static load of the same magnitude., Thus, the indi-
cation is that there 1s no dynamic dverstress on tho XB-l5.

' ggmss meaguremonts.~ Median lines through the strees
curves of figures 9 To 11 .-for the ocuter diagonal member

indicate e direct proportionality (es measured from 1 g)

between the stress and the load factor either when the gages

ere considered separately or when their results are averaged.
Btrain gages on this samo member during the etatic tests

indicated an average rate of change in stress (between -2.5 and 3g)
of 5,700 pounds per square inch per load factor for the weight
teated., Correcting this velus, as previougly, to 52,000 pounds
glves L hOOasasainst an average of ,TOO from the flight tosts.

. For the chord member at the- ou:ber station (fig. 12) tho
average value of 08/dn 1s 3,500 pounds per sguare inch per
load factor., This value 1s to be compared with the corrected
value.of 3,700 as given by tho gtatic tests.

The results from figures 13 to 15 do not show any really
dsfinite changse fram the previous figures, 1. e., 9-12, even
though the weight is slightly different for the two flights.
In fact, the results of figuwe 13 for the outer diagonal shear

.member indicate a slightly largsr value of d8/dn with a

alightly lower alrplane weight. This would indicate that the
mothod of ocrrection that was applied to the static test
results was too congservetive and that the corrected statio
values sghould be higher. Thus, the stress moasurements at
the outer gtation apparently indicate that, as far as the .
XB-l5 1s concerned, dynamic overstress is oither not present -
or is surﬂoienblymllaothatboththamtnmntmy
amtheammtotinsbrmtatimmstbeimmmdinordar .
to detect 1t.
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The time histories of figure 18 call for no particular
camment other than to point out that the accelerometer records,
wing defleotions, and stresses show quite similear variations
exvept that the minor variations appear to be smoothed out in

the strain-gage results.

Although it wes not intended to measure the wing frequency
in flight, it could reedily be obtained from the wing deflection
rocords ard was found to be about 3.4 ¢. p. 8. at the tip and
middle light. This froguency is inclwied principally because
it 18 approximately ane-half that obtained in the routine
vibration tests that have been conducted on this airplane.

CONCLUSIONS

1. The most critical gradient distance for this eirplane
is between 150 and 200 feet or of about the same order as the
wing span. Gusts encountered with lower gradient distances
apparently have insufficient energy to produce large acoceleys—
tions vhile for the ‘stronger gusts of longer gradient diestence
the pitching ection of the airplane relieves the load.

2. The maximm true gust velocitios measured were Just
over 30 fest per second and the meximm effective sharp-edge
gust velocity mecssured was 17.5 feel per second. These valugs
wore obtained in the roughest air this airpla.ne has enoomrbered
to dsate.

3. Both the wing dsflection and strain-gage measurements
indicate that there was very little, if any, dynamic overstress
induced in the wings by the type of gusts encountered. : 8ince
this 1s in accordance with somevhat similar msasurcments takesn
on the M-130 airplene, it mey be eaid that dynamic overstress
will probably be negligible on alrplanes with spans of less
.than 150 feet flying at speeds less than ebout 200 miles per
hm - L Y

y Memorial Aeronauticel Laboratory,

National Advisory Committee for Aeromautics,

langley Field, Va., Juns 16, 1939,
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Figure 1.- Three-quarter front view of XB~15 airplane.



3 " . NAT.ONAL 2OR
A ord'- Z,H/o o ‘9’07,7 " COMMITTRR ron‘f:l:nmvv—.-n-
.(;o’
: % < Y
~ ee 20 i ¥
700 ot o S RSN S N

s = N N ,\‘
$ ~300 7;7
r‘\f\/\

Q
T
§
3
N\

Wing shroclors/ wemph?, loc/iy

i

.
s 50 20 ‘%
#L, aleng sem-3pan

<
B

a

Figure 2~ Gas Tank lecalion and weight Fishrbolbon of XG5 (eshmaled)



WATIONAL ADVINORY -
FOR ANRONATTION

f?acarg///zg optograph
seussed an wing l1ghits

e —————

GHES. af rear spep

NACA . Gauges o both sides

—0ftap. chord. Lirember of
_ﬂw.;sp_ac‘ —— ..

-DVL. gauges ontop and .
bottom. of diagonal mempers
—aﬁ.fl‘.ﬂﬂt.iﬁﬂ_._._ RO

— Figure 3- Sketch of (trewr Gauge. and Winy. Optograph ststalation onthe XB-15. . =



o ——

N T

\

\
\

x\\
N,

———

— N\

/ fron? gnd ieqr)

NATIONAL ADVISBORY
OCOMMITTIN FOR AIR()I‘IAV’T'Y,"?G

NVACA Gavges

(Dura/)

ACA 6_‘4070?5

on siee/

cenr fipes
' ' focallon. s
Flgore 9.— Front spar luss, and sianr gage

5/




J— T HRT T T
i g HEk
. g o T
H S GRS
sy FE PR LR TN & 1+
1 A ITE: oT
- o ST ! 1]
H HH T N O TH
agadagund i is :
Y o 2 t ] 3ptEeetas bul
t Rt H ! T i Euba!
1 fu e A I G aa|
sEnaie CREEHRTY fsisgat: Lttenans
H T R0, Ak gt
: Ehn :
T TR : T
PRI BHE T
prEnIRRHiE B e
R ERE] EsT R b
s T T
TR J:_f., ”W 5
} s T .ﬁ T
L sglerp bl
abgdbegaicd qi TH{ T Mu;..«:‘r i
; ik frsee L T e FE
g Hitty ] nhsy Hyjt H
+ el T 7
! i H 1
Q v 3318
3 7 B s
e
; : i : i
! } i i i
B A : It H H
t T
S A ! i
i
H = : T H
et
T b H
a3 T 1 h ma
H 8 ¢
uae LHOY R i
T | Ein
2 T T T kyam
b T H i L 44 453 H * otr’ H{a
:: e t
i _— - + P i : ¥ 1 H
£ 3 Freed S e EE
Pad : i H
Y
1 T
i et + T FE 15
i " HiH : : SH B HHY
SE3sgensies Sjes s,
+ &j
; us}
» _ Ml
k H in: emmaysErzy
Y EayE {HY o
=4 iR aet, b Ry
HH TR T 3 m
: HH
i Hih [HEHT HE TR
!
Fot ! . 1
¥
T
n wf B e K T T
gt HHEE: i
= T S
H Pt +
F L i
5 $ T
L 1
: : P i i HHL h
+ i HH-H i HiH 1
REb i
i i :
i tegs
Ebe : i
R ]
4 d HHH +
¢ ; tH
Hi 2 FRA ks H
1 HTHH besRl B ) pRREa bR RERRphase HHHT
; : : : 3ty i t




T B ]
, ¥
:
i
:
;
3
: H
808 g 1
g2 HE T ™ e
| HH s o T ]
; : i L : =
ja! + T
; i :
| : : St
| N
;
; : P
+ T 4 T
i

i




e i

axa]
P T

i Y P
" HHRiR Hf O R
_ I e N e B Lo i HEHE
T i =y P =ge 1
i : epdis s E Hir
i - b = P HH Y
TR NS RIS POrE:
j8383 aned | ™ bud gas ko
Safizees _ T HH T
T ST T T Thin
g HH T T
i ¥ : 3 ErEe EoE
1 ; = ! H —HEL
8t oana SRRl fons FREEEOu. 15030500
T E T o i O T iii %«*
] i G A I
‘w,: na SeE e L ‘%m.:,_ wm
T : . R T
i T N
H H HIin
& T - 4
T 1 TR AT
7 B RS H ayedes
L : s
e |
H eiataaes
ST iH
T
] T
7 H
irhe H
i R 7 -
5 HO S RaE 1 e
13 TH e = 3
I o ~ 1
i HHH L g
1 T q
1
b

z
3

Q

3§53 ¥ 244rIR

sz

TIrToR

Exds

I3

i
o_qA

5

T

L AD
XA

g

SgagpEase say

-+
t

pan:

-

N,
g

e
T

pad  flaad

L]

&
%

aLt .

7

.‘;

D

q

FAzidrd R Rebr
/1

[ el | o

~



I ¥ 31 T T
piiii 1 H H
|nL 1 E 1
2t T i
I i it 3
i g R S HH
nﬁ w.. = .“. i mu mm < u.l m . . u” ns e
S e
H N
T 3T ?
11 7 1.
8 HH : .
I R ; :
IH et sttty AR AR AL s e Ea b g5
] %uw Het it HidEg oH R = iEass B
RIS Crr R E T T THHE T H
H W Hur‘ ﬁMw ,“ﬁ.. B L;»w H (.W i i Hi
i R R L e S R L
R b i R R i R i
R e L e AT R e ey
it ites: HIR e R R g g e R I i 3
AW FO N3SS3 ¥ 13Han3IN
bit]] 4 wr
HIE e FHHE :
b T i3 SeE! T i
R i
e i
. % 42 y e 22
i i
E i ] gHiH i e HEH :




1
t

S " 2 : i
i sas)
H £ it
H +
i - T
H ] i TTTL
£3 i : 33isayaniny
o4 ¥ 3 2oy
5 HY S ]
Soe 4 S
! i i = H
R - !
i O
T Sesds b ot
e HirH n i 233
HHrH 328 fH i)
H H a5 H
£53 £h ] ] f
+ i H
$ sites e
i H
T
X L
1
T
1
H 1Y
4 H
& 1
+HE
T
¥ T
T
t
i
KEUFFEL & EISSER BL N
i T
; T
{ 1
s i1
FHpEE e
! o
: 5 d
T
T T
1
&
33
T o 8
X 1
SIRY' A8 Eesag
as ke
=3 x - Az
Hiii]
t ] =2 JjRsidices
o itispsesd sEE a0 +H

1

TR STt

e

HH

~HHH




:
; 4
2 :
! o b :
T T ; T
ey t 5] ot kY o ton T
= { - 3 Ht
T t B
E= 1 e & es fread raa s ]
HE A ! T aas
E 1 HH it :
i :
£ : : ; T
i + T I TH:
i = ]
i ; : e
i 54 sta? T tont
: =4 e T + -
i 1 t :
E i t
T 7 7
t "
! ;
: :
t 1
L 1
H R
;
it i
T t
; ; it
1
H t
T t
7
T kN 4
+ Hirrt
ot 1+
;
! Rt T
; i :
T t t T
1 f : o
' i
T 1 H
i
i1k
} i
;
T .
: !
+ oty
: T 38 sowes HH
T : + !
: 1 ! i st
: ; T SSEiitinet s
: t Tt I
! : T 13
T + + : {Fnd bnans sanes 2
it i iy H
HATE : q
ot = o —
, = L :
oM ] T 1
M T +
Ty ;
: i
1 : t
t T
T : .f

KEUFFEL & ESSER C$

: s o
b T
¢
= HI
T i1
: THE
: >
HER ‘
] : (
T ¥
+ 3 :
: a3
S48 rane t
55 B - ;
: ;e t
0% e & T k%
—F ot
- = :
T T
oy ; I i
e : ;
t T }
t T
t ; 1
T 1
: +
; TeEss pynsa b it TH
] S :
ﬁj}- y :
.13
: i t T
: H
£ Ty +
5 T
=47 t
T snas:
i HF
£ { i : s o
, 1 3
i)
o T -
T
i HE
I 1t : I o
e T tass
5 T 1 H
T H
i
& TH G 5
1] eatt e s :
= i i
Hi P
HHH 0
Jotey t 1
1
th
HE
i
T
1
; ;
¥
T
L i :
+ + ;
] 1
3 t




+

T
et

T

T

et SHEE
1

JEE 5 IR

Grge "4 it A2

T

Jest= s

o

T

A

s

T

ERRRY

=

s=x

Soh:




T > : e
T I ="
H i
N W T
. 1 e
; i _ =
B : H L H
§ ! ] , HER
; : r+ o : i, 38
; . 3 1 I3 i
; % HHH 5 1 it T
. t L " o
B3 ol o) ey o
i N 5
it 5 i
-l Fid H 1]
' i i ; : :
1 o st st # t £ H R
i e T e fEE4E dhain
i S i
T Hy ¥ I ¥
4 1 HHH 1 I yEgs;
:
" 3 T o8 iy
it 135gss i
i o _ %
i ; Hh
i 1
=t 1
T
e T ¥ t
;
: :
: I >
e it ] d - I xt H 7 Ha,
51 1 it ZHIES ¥
HHH TG ] - i T f
J ! £ :
f i i
T T
i) + ;.
t
: I
Lz t e i T
; : £ ;
i t
: i t v FHH
i EEq
agaaduil. i s de
FaH i i Bt t i
1 F i 1 T
j T HHE H i 1 i
[ii T T 1irt 1 T T




i HE R
T i T
1:1 H
b i .
fauasbat! :
s
[e8a8d] _
& i |
d i ! |
i 3 ||
; A S ) it !
Bl : m
. . W i o :
nhi b3 g
I H L n EERaK H 3 . i .
s \AV4V\T 4 " . —4 w.u wu
8 F Fis 8 5 HH] i i : |
B 2t Jit
i it e e H :
b 1 i -
i i i ] : : :
it L il - .
H1 _M‘ Eika) rpies i i | 4 . .
e S e : :
£ 1Rt : _ |
1 i bisaR st H i
il il i o B0 i o A
il L : : .
b 1 LR A . -
i fru T fit < P
: L i j o
! iR e s , |
H Safmat it i w L _ .
o i ! E : bt
R S .
g Il
5 e i i . :
b Th 4 L : , |
N :_‘w‘m‘% wd. S -
2ZIERTEE l o
i TR HidlchiE i i ‘ i
et Tk i i i :
5 H |
il R gailadit]
i HHUES
feieteibisat st teny L




T THI e :
+ T L I
: T
: 5
H T
a e is T ey
S T 1 o
¥ Fexnd Judat T
I 1, -]
Pt i o
m.& e =
s - F
:
T
g ;
S
re
t e Pogi 4 +
it £ : =
:
- T T
; f o
$ : I 1 B8t
} e, : :
. o T &
Lt s ] T
=)
T
iy T 1
:
;i
i A
5 |
;
o :
hi
RN T 1
? +
’,.E L aa b aaani vu
1Rg Aus ity i
H : oY }
f-roiets : 1. >
T ;i HH i = >
‘I
et H AT
t S
1 ! Be
o t 3t 7
N F i H
et
R H T
T T
o t
B 3 -ﬂ 1 T T
1 b ¥ ? H
dpren s T
i Hy o t
it H T i TN
HH ™ T
: t i
T B +
Rt
i R
=
T 1k e
:
THIANY:
B +1 |.H‘ £
HE ¥ agzgx) =
y 2
s
5 Y
¥ o i t
f A t
! f T 1
E R, i t ; 1

SergZions

cce,

A8~ Time historres ot three targes? a

F,givra




| ummmmmumumﬂhﬂﬂmuuiumﬂmunm

01354 3443




